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Abstract

The paper describes a case study of the Activity-Based Costing application in a selected metallurgical
enterprise which operates heat treatment processes of metallic materials. Activity-Based Costing (abbr. ABC
method) principle is different from the traditional approach of costing methods because it allocates consumed
resources to the particular activities in order to achieve distribution of overheads according to real causality of
their origin. These activities consume resources and at the same time, they are consumed by cost objects
themselves. The analysis of the activities defines cost drivers, which make it possible to express a causal
relation among consumed resources and cost objects. Activity-Based Costing assumes that the cause of costs
is the activities, not the products directly. The goal of this paper is a case study of Activity-Based Costing
application for costs evaluation in the case of a specific heat treatment process.

Keywords: Heat treatment, Activity-Based Costing, activities, cost drivers, cost objects

1. INTRODUCTION

ABC is a relatively new method of cost control that originated in the United States. American authors Kaplan
and Cooper, who presented this method in a research paper titled "Measure Costs Right: Make the Right
Decisions" [1] in 1988, are considered to be its founders. An important role in defining and stabilizing principles
and increasing awareness of ABC was played by an American institution, Consortium for Advanced
Management - International (CAM-I), which defines the ABC method as "methodology that measures costs
and performance of activities, resources and cost objects. Resources are assigned to activities and activities
are assigned to cost objects based on their use. ABC recognizes causal relationships among resource
consumption, activities and cost objects." [2] As well as many other economic instruments and methods, the
ABC method also originated as a reaction to changes in economic environment. The current business
environment is characterized by an excess of supply over demand (for most markets), shortening of product
lifetime, a wide range of offered products, use of different distribution channels and effort to provide a wide
range of additional services to the customers. This dynamic development of business environment has had a
significant impact on companies' cost structures over past decades. The proportion of overheads needed for
providing support, service, information, control and other activities increases particularly. The above mentioned
changes taking place in the business sector and therefore in the costs structures of companies generated
criticism of the traditional approach, which was primarily based on an effort to manage (and thus calculate) the
cost of final outputs and gradually led to a primary focus on the costs of realized activities, actions and process
as a whole. [3] The creation and gradual application of ABC method is also due to growing demands on
company costing systems because the pressure on quality and structure of information for managerial
decision-making processes increases. The company managers often try to find out which products are
profitable and which ones are unprofitable, whether individual company activities are carried out efficiently and
how much company really pays for these activities. The reasons highlighted above indicate that traditional
costing methods and procedures are not able to deal with the nature of relationships between costs and outputs
in all its complexity. Activity-Based Costing is a method which should be able to do this.
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2. APPLICATION OF THE ABC METHOD IN HEAT TREATMENT PROCESSES

The ABC method consists in the fact that it does not divide resources among in-house centres, but among
activities in order to achieve overheads distribution based on the real cause of their origin. "The application
starts with division of company activities into partial activities (e.g. material ordering, receiving and delivering,
transporting and storing, production equipment adjusting, quality control, in-house transport, product
packaging and expedition etc.) focusing primarily on areas, where overheads arise. It examines which costs
are generated by the activities and tests their necessity. The relations which generate costs are called cost
drivers (e.g. the number of orders or invoices, the number of suppliers, the number of customers, hours of
machine work, the number of inspections etc.). The costs related to an activity are allocated to outputs (i.e.
goods or services), i.e. individual customers as unit costs." [4] In practice, this procedure has been proven to
be an appropriate way to eliminate the generalization of costs in various simplified allocation methods. The
process of ABC application can be summarized into the following steps [5]:

i. In the first step, an economic resource (i.e. indirect cost) is assigned to individual activities based on
the resource cost driver, which defines the way of recalculating costs from accounting onto individual
defined activities.

ii. In the second step, the total costs of individual activities are determined, the activity cost driver is
defined and the unit cost of activity is determined as well.

iii. In the third step, the cost object (i.e. an output, a service, a customer etc.) is determined based on
costs per activity unit and volume of the units that cost object consumes.

An activity represents a fundamental element of the business process, which can be defined at least in terms
of costs that need to be expended in connection with its realization, but also in terms of measurable output
resulting from this activity. [3] Activities can be divided into activities adding some value to product (i.e. primary
activities) and those once which do not add any value to product (i.e. supporting activities). Supporting activities
(i.e. secondary activities) are carried out for internal needs and support primary activities in company. It is
usually not possible to define any relation between their consumption and cost objects. Therefore they are not
allocated directly to a cost object, but only to primary activities. Then costs of individual activities are assigned
to defined cost object. Cost objects are any objects to which costs can be allocated. This includes not only
products and services, but also for example customers, divisions, departments, product groups, production
lines, manufacturing processes etc. So called activity cost drivers are defined by analysing business activities;
they allow to express a causal relation among consumed resources and cost objects. ABC assumes that the
cause of generating costs is activities, not directly products.

2.1. Five steps of the ABC method practical application in heat treatment processes

The ABC method was applied under conditions of a hardening shop in a selected industrial plant which
manufactures agricultural machines. The main processes of heat treatment realized by this hardening shop
include carburizing, quenching, carbonitriding, tempering and annealing. The above listed processes are
realized by using continuous carburizing and quenching line, multipurpose furnace, a few tempering chamber
furnaces, vacuum furnace, annealing furnace, a few induction quenching machines and press quenching
machine. The main heat treated products include the components of gearboxes and engines, especially
various types of gears and shafts. The following steps were defined for a successful implementation of the
ABC method in the selected hardening shop.

A. The Modification of accounting data

The goal of this stage was to determine only the real economic costs related to currently performed activities.
First, it was necessary to exclude costs which are not related to these activities or do not correspond to
currently spent resources and therefore their allocation would be difficult and distorting. For example, such
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costs include exchange rate differences, adjusting items, reserves, gifts, inventory differences etc. It was also
decided to exclude costs which can be considered as an investment from an economic point of view as they
are rather considered to be future long-term benefits (e.g. advertising costs or development and education
costs). On the other hand, there were also costs included into ABC calculation which are not recorded in
financial accounting - so called opportunity costs.

B. Activities and cost objects identification

In this follow-up phase of the ABC implementation, it was necessary to identify the structure of activities and
cost objects which were monitored in the calculation. The reason for determining cost objects already in this
moment is the fact that appropriately defined cost object has a positive impact on creating the structure of
activities. Activities of the hardening shop were identified based on the types of heat treatment performed in
the selected enterprise. The basis of activity structure creation was a detailed analysis of the hardening
workplaces, the used technologies, the logistics flows and the human work. The aim of this analysis was to
describe the mutual connection of single heat treatment processes, sub-processes, material flows and work
organization in all workplaces. Based on obtained findings, a proposal of activity structure was made. This
proposal was further specified by leading interviews with the production director, the hardening shop
supervisor, a heat treatment engineer and all the involved heart treatment operators. Additional specification
was done by using a detailed analysis of available production data. Based on the above defined steps, primary
activities, which represent cost-important activities performed within the hardening shop, were defined in the
first stage. Activity structures can have the following form - see Table 1.

Table 1 Example of Primary Activity Structure in the selected hardening shop. [Source own]

PRIMARY ACTIVITY STRUCTURE

Workshop Activity - . L
Code Code Activity Name Activity Description
2610 1710 AICHELIN KSGS / carburizing Carburizing and quenching in continuous furnace.
1111 Handling and handwork Servicing activities taking place within hardening shop.

The above described process was used to identify 15 primary activities, which correspond to individual heat
treatment processes as well as finishing and service processes such as blasting, degreasing or handling and
handwork. The possibility of obtaining relevant data from the existing company information systems, their
regular updating and using in the ABC system was taken into account during practical application of ABC. The
individual activities were assigned numerous codes, mainly because of the possibility of further expansion of
the ABC calculation within production department in the selected company (i.e. within other in-house centres).
The workshop code is based on an internal designation of individual centres in the selected company, activity
codes then correspond to internal designations of workplaces. An important element of creating activities
structure is also a detailed description of activities because a precise definition of their content simplifies the
following phases of ABC application, mainly cost allocation. Only the relevant groups of costs (i.e. volume
significant group of costs) should correspond to the activities. For this reason, all servicing activities performed
within the selected centre were united in an activity no. 1111 Handling and handwork. In this initial phase of
the ABC method implementation, a structure of so-called supporting activities was defined too. There were 10
supporting activities identified in total. Among these supporting activities were included activities supporting
purchasing raw-materials, technological preparation of production, production itself such as quality control and
maintenance, production administration activities or certain form of opportunity costs (i.e. so-called costing
rent). The definition of the supporting activity structure was processed in accordance to the above described
procedure of defining primary activities. In order to understand interrelations of all the activities, their illustration
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was designed by using an activity diagram. This visualization of all activities being processed in the selected
company centre was very useful in following steps of the ABC method implementation. Cost object, which
represents an object of consumption of individual activities outputs, was also defined in this phase. In
accordance to company management requirement, the cost object was defined as one kilogram of heat treated
material. The identification of activities, cost objects and individual links among them may be considered as a
definition of ABC structure.

C. Allocating costs to activities

For the purpose of assigning costs to activities (i.e. valuation of activities), all cost types were divided into
direct and indirect costs. Indirect costs were under higher focus in the following application of ABC, whereas
direct costs were allocated to cost object within the last phase of method implementation. The transformation
of individual indirect costs items from accounting and their allocation to the defined activities were done by
using so-called Activity Cost Matrix, which clearly presents all links among cost items and activities. While
creating the cost matrix of primary activities, the costs associated in different groups of cost types were divided
based on the identified links to individual activities, which generated their origin. To identify these links, both
so-called Resource Cost Drivers (RCD) and a specific form of direct allocation were used. RCD used was a
time analysis of performance, a direct allocation, units of measure and a qualified estimation. A specific
example of used RCD is the number of workers assigned to individual activities, which served for dividing
personnel costs. The direct allocation of costs to primary activities was used for example in the case of
allocation of depreciation of spring stabilizer used in connection to the press quenching machine. It resulted in
quantification of real costs associated with primary activities outputs. The cost matrix of primary activities had
the following structure (see Table 2).

Table 2 Example of cost matrix used for primary activities. [Source own]

PRIMARY ACTIVITY COST MATRIX
Activity - Material | Energy Repairs Personnel Other
Code Activity Name CONS CONS | and Maint. Costs DEFN Costs Total
1710 |AICHELINKSGS/ CzK | ..czk | ..czk | ..czk |..czk|..czK| ..czk
carburizing
1111 Handling and handwork ...CZK | ... CZK ... CZK ... CZK ...CZK | ...CZK| ... CZK
TOTAL ...CZK | ... CZK ... CZK ... CZK ...CZK|...CZK | ... CZK

The nature of activities does not allow to allocate supporting activities directly to cost objects. In order to meet
the allocation principle of causality it is necessary to allocate the costs of support activities to primary activities
in the first step and then to allocate costs of primary activities to cost objects. The transformation of individual
indirect cost items from accounting and their allocation to the supporting activities were done by using a so-
called Supporting Activity Cost Matrix, which clearly presents all the links among primary and supporting
activities. The costs associated in different groups of supporting activity costs were divided based on the
identified links to individual activities, which generated their origin. Resource Cost Drivers (RCD) were used to
identify these links. These RCD were: production volume, number of parts assigned to individual processes of
heat treatment, working hours of heat treatment devices, number of heat treatment processes, number of
workers assigned to individual heat treatment processes, a qualified estimation of production area. In practice,
the process of allocating supporting activities costs is complicated by the fact that support activity outputs are
not consumed only by primary activities but also by other supporting activities. There may be a situation in
which particular activity outputs are consumed by an activity itself (personnel department outputs can be a
typical example). In practice, this problem can be solved by several approaches including the use of structural
analysis. In the case of this application, both methods of allocating supporting activities costs were processed;
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the above described procedure using the resource cost drivers as well as the structural analysis. However,
both approaches brought insignificant differences in their results. This was due to the character and status of
the hardening shop in the company organizational and economic structure. The supporting activities assigned
to the hardening shop were allocated in regard to the fact that they included their mutual consumption and
self-consumption. However, this is a rather specific case when supporting activity costs, or their mutual
consumption, is determined at higher company level. In practice, especially in the case of a custom hardening
shop, a structural analysis can be an appropriate tool used for determination of supporting activity costs. This
ABC application phase resulted in quantification of total real costs associated with primary and supporting
activity outputs. The total costs of activities (i.e. Cost Pool) represents a group of costs associated with a
particular company activity (i.e. with performance of this activity) and determination of their value represents a
partial step within ABC method application, because it serves for the purpose of assessing effectiveness of
performed activity and analysing its added value.

D. Activity Cost Drivers definition and Activity Primary Rate calculation

There is a fundamental difference compared to the model of traditional calculation methods in this application
phase. First, so called Activity Cost Drivers (ACD) were established. ACD can be defined as a value by which
an activity can be measured. A selected ACD was chosen in order to capture causality among costs and
activity outputs and to be relatively easy quantified. For these reasons, a universal transaction driver was
chosen as an appropriate ACD - namely production volume of individual heat treatment processes in kilograms
in year 2017. Subsequently, Activity Recovery Rate (ARR) was determined. ARR basically represents number
of ACDs generated by chosen activity in defined period. In this study, the ARR was determined based on the
actual output of individual heat treatment processes in monitored period, which was relatively easily identifiable
from company information system. After determining total costs of the activities (Cost Pool) and the ARR, it
was possible to calculate total unit cost of activities (Activity Primary Rate). APR indicates how much costs are
associated to output of an activity unit (i.e. costs allocated to 1 kg of heat treatment process, servicing or
finishing activity). APR amount was determined as a proportion of total costs of activities and the ARR. The
obtained APR values represented an appropriate information for assessing effectiveness of realized outputs
and eventual benchmarking of individual activities. In the case of the performed study, a comparison of
carburizing and quenching carried out in continuous and multipurpose furnaces can be given as an example.
Of course, it is an assessment of performed outputs effectiveness done only by allocated hardening shop
overheads in this phase. An analogous procedure allowed to determine the unit cost of primary activities
(PAPR) and unit cost of supporting activities (SAPR). The values of ARR, APR, PAPR and SAPR can be
displayed by suitably chosen table (see Table 3).

Table 3 Example of calculating ARR, APR, PAPR and SAPR. [Source own]

CALCULATION OF ACTIVITY UNIT COSTS

Activity Code Activity Name ARR PAPR SAPR APR
1710 AICHELIN KSGS / carburizing ... CZK ... CZK ... CZK
1111 Handling and handwork ... CZK ... CZK ... CZK

E. Allocating costs of activities to cost objects

The cost object was defined as a kilogram of heat treated material. In this step full costs of cost object (FCCO)
were determined by calculation of the APR and total unit direct cost (TUDC). The following Table 4 gives an
example of activity costs allocation by using a so called Bill of Activities.
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Table 4 Example: Bill of Activities (BoA). [Source own]

Company Centre Period
BoA
2610 01/2017 - 02/2017 ARR APR TUDC FCCO
Activity -
Code Activity Name ARR
1710 AICHELIN KSGS / carburizing Material QTY (kg) 1 ...CZK | ...CzZK ... CZK
1111 Handling and handwork Material QTY (kg) 1 ...CZK | ...CZK ... CZK

It is obvious from the described steps that the ABC calculation provides a very detailed analysis of overhead
causes, identification of activities generating the highest costs or costs which are disproportionate to their
nature.

2.2. Costing Sheet of heat treatment

The last step in this practical application of ABC method in the monitored enterprise was designing of a so
called heat treatment Costing Sheet. It is a simple tool for operative costing of specific heat treatment
processes, which should be used by the hardening shop supervisor or a heat treatment engineer for a relatively
easy costing of a selected heat treatment process realized on a specific equipment. The principle of this
spreadsheet is very simple because all input data are arranged in source tables (i.e. primary and supporting
activities cost matrix, direct cost matrix, APR table and bill of activities) so that it can be easily updated and
changed based on the information provided by accounting and managerial reports. Using the spreadsheet is
very simple because it is only necessary to enter the weight of the part and choose the appropriate processes
of the intended heat treatment. The Costing Sheet then provides heat treatment costs of 1 kg, or the entire
production batch.

3. CONCLUSION

The traditional calculation methods (i.e. costing by dividing, costing surcharge methods, costing in associated
productions etc.) very often lead to a distortion of resulting costs allocated to outputs. This distortion primarily
lies in the way these methods work with fixed costs and becomes very significant when a company is facing
an increase in proportion of indirect costs and change in structure of realizing overhead activities. In response
to these issues and changes of cost structures in companies, the ABC method was used in greater extent.
The principle of ABC method is very simple, logical and conceptually different from the traditional approach of
calculation methods. ABC does not allocate resources to centres, but to activities in order to achieve allocation
of overheads based on real causality of their origin. Therefore its basic purpose is to find a procedure which
better expresses the real causal effect - relationship of cause and effect. The aim of this paper was to describe
a practical application of the ABC method focused on assessing the costs of a particular heat treatment
operation. This goal was achieved by analysing partial steps of its implementation in the selected industrial
company.
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